In order to study gene expression in a reproductive organ, we constructed a cDNA library of mature flower buds in Lotus japonicus, and characterized expressed sequence tags (ESTs) of 842 clones randomly selected. The EST sequences were clustered into 718 non-redundant groups. From BLAST and FASTA search analyses of both protein and DNA databases, 58.5% of the EST groups showed significant sequence similarities to known genes. Several genes encoding these EST clones were identified as pollen-specific genes, such as pectin methylesterase, ascorbate oxidase, and polygalacturonase, and as homologous genes involved in pollen-pistil interaction. Comparison of these EST sequences with those derived from the whole plant of L. japonicus, revealed that 64.8% of EST sequences from the flower buds were not found in EST sequences of the whole plant. Taken together, the EST data from flower buds generated in this study is useful in dissecting gene expression in floral organ of L. japonicus.
The family of Fabaceae is highly divergent at the species level, and contains several important species that are used for food and forage. Additionally, in root hairs of legumes, symbiotic responses to Rhizobium and related bacteria for nitrogen fixation were observed. 1 Lotus japonicus has emerged as a model legume, because it has good characteristics (small genome size, short generation time, and self-compatibility) for genome analysis. 2 The size of flower of L. japonicus is larger than those of other model plant species, such as Arabidopsis and rice; thus, this characteristic may be useful in dissecting the gene expression of floral reproductive organs. Anther and pistil are highly differentiated sexual reproductive organs, which contain male and female gametophytes. To date, several male and female organ-specific genes have been identified and characterized in several other plants. 3 " 9 Some of these specific genes are involved in cell-cell communication between male (pollen) and female (pistil) in plants. 10 " 14 Expressed sequence tags (ESTs) have been providing a large amount of information for gene identification during genome research. 15 17 and liverwort. 19 In L. japonicus, EST analyses have been performed with two cDNA libraries derived from vegetative organs 20 and roots (http://www.ncbi.nlm.nih.gov/dbEST/dbESTjsummary. html), but not from floral organs.
In this report, we determined partial sequences of 842 randomly selected cDNA clones from flower buds of L. japonicus, identified the reproductive organ-specific genes by comparison with public databases, and estimated the floral organ-specific ESTs by comparison with the ESTs derived from whole plants at the vegetative growth stage.
Construction and Characterization of cDNA Library from Mature Flower Buds
Plants of L. japonicus B-129, Gifu were grown in a greenhouse, and flower buds of approximately 7-10 mm without sepal, which were just before the anther dehisced, were harvested. Total RNA was isolated from the collected flower buds as described previously. 21 Isolation of poly(A) + RNA was performed from the total RNA using a FastTrack 2.0 mRNA isolation kit (Invitrogen, San Diego, CA, USA), and double-stranded cDNA was syn-
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[Vol. 7, thesized using a AZAPII cDNA synthesis kit (Stratagene, La Jolla, CA, USA). The cDNA was ligated to AZAPII arms (Stratagene), and packaged in vitro using a Gigapack III extract (Stratagene). The phage library was converted to the plasmid form by mass excision according to the procedure described by Stratagene. A total of 898 clones containing inserts of more than 500 bp were selected from the library by using PCR with M13 universal primer set for sequence analysis. The insert sizes of the analyzed cDNA clones ranged from 0.5 to 2.5 kb, with the majority (63.8%) falling between 0.5 and 1.0 kb. The 5' ends of 898 clones were sequenced and registered to the public DNA databases (Accession nos. AU088751 to AU089648). The ESTs of low quality were excluded and the remaining 842 ESTs were subjected to further analyses. The average length of the EST sequences was 380 bp. For evaluation of the quality of the library, we surveyed whether or not the translation initiation codon (ATG) was contained in each EST clone encoding for a ubiquitous protein. Among the 12 clones encoding proteins whose molecular size ranged from 100 to 300 amino acid residues (6 clones for ribosomal proteins, 2 clones for ATP synthase, and 4 clones for GTP-binding proteins), only 2 were found to lack the 5' translation initiation codon. In the case of 22 clones encoding proteins whose molecular size ranged from 300 to 500 amino acid residues (6 clones for actin, 3 clones for omega-6 desaturase, 2 clones for elongation factor, 6 clones for GDSLmotif lipase/acylhydrolase, and 5 clones for pyruvate kinase), 12 were found to contain the 5' translation initiation codon. The result indicated that the library constructed in this study has a high proportion of full-length cDNA clones encoding proteins up to within 300 amino acid residues, at least.
In order to identify the number of independent EST species, clustering of the EST sequences was performed. The 5' end sequences were compared with a dataset of itself using the BLASTN program, 22 and the sequences that showed over 95% identity for more than 100 bp were included in the same group. 20 As a result, 718 nonredundant groups were generated. However, it is possible that the number of non-redundant groups is overestimated since they could be non-overlapping sequences derived from the same genes.
Identification of Gene Function by Database Search
In order to identify the putative function of 718 nonredundant EST groups, they were subjected to similarity search against the non-redundant protein database, nr, provided by NCBI using the BLAST algorithm. 22 Similarity was considered to be significant when the optimized similarity BLAST score was higher than 100 at the amino acid level. 20 When the optimized similarity score was lower than 100, the EST sequences were analyzed using the DDBJ database using FASTA algorithm 23 at the nucleotide level. In both cases, we estimated the putative function of each EST clone from the highest-scored target gene.
Combining the data of BLAST and FASTA analyses, a total of 420 (58.5%) of the 718 non-redundant EST groups were found to be similar in sequence to genes registered in the databases. Two hundred sixteen EST groups (30.1%) showed similarity to protein and/or DNA sequences of unknown function. The remaining 82 EST groups (11.4%) showed no significant similarity to the sequences of registered genes, and were classified as novel sequences ( Table 1) .
The relative abundance of the mRNA would be approximately reflected in the abundance of its corresponding cDNA, because we analyzed a non-normalized library. Therefore, random sequencing of cDNA yields information about the relative expression levels of the genes represented by the ESTs. Out of 718 non-redundant groups, 84 contained at least two EST sequences. Groups that contained three or more ESTs are listed in Table 2 .
We identified four potential pollen-specific EST groups. These EST groups showed similarity to genes encoding PGP169-12 of Petunia hybrida; NTP303 of Nicotiana tabacum, which was homologous to ascorbate oxidase; pectin methylesterase of Salix gilgiana; and polygalacturonase of Medicago sativa. It was suggested that these pollen-specific proteins were required for pollen tube growth and cell expansion 24 " 27 because these proteins provide wall precursors for rapidly growing pollen tube.
The gene encoding pectin methylesterase, which was characterized as pollen-specific gene and is related to pollen tube growth, was tagged four times (Table 2 ). Multiple clones of other genes (expansin, extensin, (3-galactosidase, /3-glucanase, xylosidase), which were required for pollen tube growth and cell expansion, 5 ' 27 ' 28 were also isolated. Several EST clones whose genes could encode calciumbinding pollen allergen, receptor kinase, and pollen coat protein were identified. These genes are involved in 
Comparison ESTs of flower buds with Those of Whole Plant in L. japonicus
Although we constructed cDNA library of mature flower buds without the sepal in this study, it is still conceivable that EST groups common for both vegetative and reproductive organs exist. In order to identify potential floral organ-specific clones of our ESTs, the nonredundant sequences of 718 EST groups from flower buds were compared with sequences of 22,983 ESTs of whole plant in L. japonicus, established by Kazusa DNA Research Institute, 20 using the BLASTN program. Clones that showed over 95% identity for more than 100 bp were considered to be identical. 20 As a result, out of 718 flower buds EST groups, 253 EST groups (35.2%) showed over 95% identity for more than 100 bp to EST clones of the whole plant of L. japonicus. This suggests that the genes corresponding to 253 EST groups are commonly expressed in both reproductive and vegetative organs. The remaining 465 EST groups (64.8%) showed low or no similarity to whole plant EST clones. The genes corresponding to 465 EST groups, therefore, could be potential floral organ-specific genes, though there remains the possibility of overestimation of the number of floral organ-specific EST groups.
As described earlier, we have identified 82 novel EST groups. Of these, 76 EST groups (92.7%) were classified into floral organ-specific EST groups, which strongly suggests that a large number of novel genes were specifically expressed in flower bud in L. japonicus. The result indicates that the cDNA library generated from mature flower bud is a good source to discover reproductionrelated genes. The ESTs obtained in this study will also be useful for analysis of the spatial and temporal expression patterns using DNA microarray technology. 31 
